Aims: Activation of hepatic stellate cells (HSCs) plays a pivotal role at the center of the fibrogenic progression in nonalcoholic steatohepatitis (NASH). However, it is poorly understood that how various molecules interact within HSCs during the progression of NASH to fibrosis. The aim of the present study is to delineate how inflammasome molecules, hedgehog signaling and autophagy provoke HSC activation using palmitic acid (PA) as a major insult. Main methods: Inflammasome activation, hedgehog signaling activity and autophagy in PA-exposed HSCs were determined to investigate their role in activation of human and rodent HSC lines or primary HSCs. Key findings: PA treatment elicited HSC activation reflected by increased mRNA levels of transforming growth factor-β1, connective tissue growth factor, tissue inhibitor of metalloproteinase-1 and procollagen type I (α1). In addition, expression levels of NOD-like receptor protein 3 (NLRP3) and hedgehog signaling transcription factor Gli-1 were increased in PA-exposed HSCs. It's evident that PA treatment resulted in increased production of light chain 3-II and autophagosomes, as well as enhanced autophagy flux reflected by transduction of an adenoassociated viral vector. Whereas, reduced autophagy, which is often seen in the late stage of NASH, provoked inflammasome activation. Moreover, suppressing the Hh signaling pathway by LDE225 blocked production of light chain 3-II and autophagy flux. Significance: Saturated fatty acids, such as PA, stimulate HSC activation through inflammasomes and hedgehog signaling. Meanwhile, compromised autophagy may facilitate HSC activation, implicating valuable candidates for pharmacologic intervention against the progression of fibrogenesis in NASH.
Introduction
Twenty to 25% individuals with simple fatty liver will progress to nonalcoholic steatohepatitis (NASH) in 5-10 years [1] . Excessive accumulation of triglyceride (TG) in hepatocytes is the hallmark of NASH, and increased free fatty acid content in hepatocytes accounts for hepatocellular injury and death through oxidant stress, endoplasmic reticulum (ER) stress, insulin resistance and apoptosis or pyroptosis [2] . It has been known that hepatocellular injury and death are the initial and sustained stimuli for fibrogenesis, in which activation of hepatic stellate cells (HSCs) with a transition from a quiescent phenotype to myofibroblast-like cells is the center of the complex paradigm [3] . However, how HSCs are activated in a steatotic microenvironment, especially with increased fatty acid influx into the liver, is poorly understood. Therefore, in the present study, our intent is to investigate how fatty acids activate HSCs and the consequences using primary HSCs, human and rodent immortalized HSC lines as a platform for an initial pharmacological evaluation.
Inflammasome molecules are multiprotein complexes formed by NOD-like receptor (NLR) family members, and represent a family of recognition receptors which identify pathogen-associated molecular patterns (PAMPs) and damage-associated molecular patterns (DAMPs) in a variety of cell types [4] . Inflammasome activation has been recently recognized to play a central role in the development of carbon tetrachloride-induced and obesity-associated liver injury and fibrosis [5, 6] . Among NLRs, NLRP3 senses a wide array of stimuli from the extracellular space or subcellular compartments, and participates in the process of innate immune defense. It cleaves and activates pre-caspase-1 to caspase-1, which in turn activates IL-1β and IL-18, resulting in pyroptosis [7] . However, whether inflammasomes directly affect HSC activation in a steatotic microenvironment is unknown.
The hedgehog (Hh) signaling pathway is a highly conserved cross species, and orchestrates multiple aspects of embryogenesis, development and oncogenesis [8] . Enhanced activation of the Hh signaling pathway has been shown in patients with alcoholic, non-alcoholic steatohepatitis and primary biliary cholangitis [9, 10] , and thought to be a key factor for cross-talk between hepatocytes and HSCs during hepatic injury and fibrosis [11, 12] . However, how Hh signaling modulates HSC activation in steatohepatitis is poorly understood.
Autophagy is an intracellular pathway that breaks down damaged organelles and long-lived proteins in lysosomes to promote cell survival under various conditions, such as starvation or lipid overload [13] . It has been shown recently that autophagy mediates the breakdown of lipid droplets in hepatocytes and therefore participates in the development of hepatic steatosis [14] . Not surprisingly, intracellular droplets disappear during the process of HSC activation, which has been found to be the results of autophagy [15] . Therefore, how free fatty acids activate inflammasomes and Hh signaling in concurrence of autophagy is a crucial question in revealing the molecular basis of hepatic fibrogenesis during steatohepatitis. In this present study, we evaluate the hypothesis that activated inflammasomes and up-regulated Hh signaling participate in the activation of palmitic acid (PA)-exposed HSCs, and that autophagy interacts with these two signaling events contributing to the perplex of HSC activation.
Materials and methods

Sources of materials
Palmitic acid (PA, Sigma-Aldrich, St. Louis, MO), dissolving in methanol (stock solution 31.2 mM), was mixed with 5% fatty acid-free bovine serum albumin (BSA) in phosphate buffered saline (PBS) at a molar ratio of 5:1, and the final concentration was 200 μM. S-Adenosyl-Lmethionine (SAMe), parthenolide and chloroquine (CQ) (Sigma-Aldrich, St. Louis, MO) were dissolved in distilled water, and pH of the stock solution was adjusted to 7.4. LDE225 (Cellagen Technology, CA, USA), a potent inhibitor of Smo, which is a critical transmembrane molecule in the Hh signaling pathway [16] , was dissolved in dimethyl sulfoxide (DMSO) and diluted in medium. All stock solutions were kept at −20°C till the use in experiments.
Cell culture and treatment
Three immortalized stellate cell lines were used in this study: human LX2 [17] , human immortalized HSC [9] and rat BSC-C10 cells [18, 19] , which are partially-activated HSCs obtained separately from Drs. Scott L. Freidman, Mt. Sinai School of Medicine, New York, NY; David Brenner, University of California School of Medicine, San Diego, CA, and Hidekazu Tsukamoto, Keck School of Medicine of University of Southern California, Los Angeles, CA. Cells were cultured in DMEM with 10% fetal bovine serum (FBS, Gibco Life Technologies, Grand Island, NY), 1% (v/v) sodium pyruvate, 1% (v/v) glutamine and 1% (v/v) penicillin-streptomycin at 37°C in 5% CO 2 and 95% air-humidified incubator. HSCs at 1 × 10 5 were seeded in 6-well plates for 24 h, then exposed to PA at 200 μM with or without pretreatment with SAMe (1 mM), parthenolide (5 μM), LDE225 (10 nM) or CQ (25 μΜ).
Quantitative reverse transcriptase polymerase chain reaction (RT-PCR) assay
Total RNA was isolated from HSCs exposed to PA with or without the preincubation with SAMe, parthenolide, LDE225 or CQ by Trizol reagent (Invitrogen, Carlsbad, California, USA) according to the manufacturer's protocols. RNA was converted to cDNA by reverse transcription using PrimeScript™ RT Reagent Kit (Takara Bio Inc., Dalian, China). qRT-PCR was performed with the Power SYBR Green PCR Master Mix (Applied Biosystems, Foster City, CA, USA). Relative gene expression was normalized to the housekeeping gene, human or rat glyceraldehyde phosphate dehydrogenase (GAPDH), and expressed as 2 (−ΔΔCT) as previously described [20] . All primers were synthesized by Shenggong Biotech (Shanghai, China), and their sequences are shown in Supplemental Table 1 .
Western blot analysis
Total protein was extracted with RIPA lysis buffer (Ruian BioTechnologies, Shanghai, China) and centrifuged at 12,000g for 15 min at 4°C
. Protein concentration was measured using a bicinchoninic acid (BCA) protein assay kit (Pierce Biotechnology, Rockford, USA). Fifty microgram of protein was subjected to sodium dodecyl sulfate polyacrylamide gel (SDS-PAGE) electrophoresis, and transferred to polyvinylidene fluoride (PVDF) membranes (Millipore, Massachusetts, USA). After being blocked with 5% BSA at room temperature (RT) for 2 h, the membranes were immunoblotted with the primary antibodies (1:500 dilutions) at 4°C overnight, and further with horseradish peroxidase (HRP)-conjugated secondary antibodies (1:5000 dilutions). Blots were imaged using an ECL detection system (Tanon, Shanghai, China). GAPDH was used as an equal protein loading control as we reported previously [21] . All antibodies used in the experiments are shown in Supplemental Table 2 .
Isolation of rat hepatic stellate cells
Animal experimental protocol was approved by the Animal Ethnic Committee of Fudan University School of Basic Medical Sciences, and all procedures follow the NIH guidelines of experimental animal handling and care. Primary HSCs were isolated from male SpragueDawley rats weighing about 500 g. The method of isolating primary HSC was reported previously by us [22, 23] . In brief, rats were anesthetized with sodium pentobarbital intraperitoneally (60 mg/kg). After being perfused with Ca 2+ , Mg 2+ -free solution, pronase E and collagenase type IV (Sigma) solution, parenchymal cells were digested with DNase treatment. Finally, HSCs were separated by Nycodenz® gradient centrifugation, and cultured with M199 medium (Hyclone, Shanghai, China) containing 20% FBS and 1% penicillin-streptomycin for first 48 h, and then in M199 medium containing 10% FBS overtime.
Staining of lysosomes in HSCs
Lysotracker Red (Beyotime Biotechnology, Shanghai, China) was dissolved in M199 medium and kept at − 20°C. Primary rat HSCs were grown on coverslips (Winhongbio, Shanghai, China) for 6 days and then cultured with PA at 200 μM for 3 h. Lysotracker-red stock solution (1 μM) was added to M199 medium containing PA (37°C) to reach a final concentration at 100 nM and co-cultured with cells for 1 h. After washing with PBS for 3 times, cells were examined under a fluorescent microscope.
Immunofluorescent staining
After treatment, HSCs on coverslips were washed twice with PBS and fixed with 4% paraformaldehyde in PBS for 15 min. Cells were blocked with 5% BSA for 1 h, and then incubated with primary antismooth muscle α-actin (α-SMA) or anti-LC3 antibody (1:50 in 1% BSA) at 4°C overnight. After washing, cells were incubated with secondary fluorescein isothiocyanate (FITC)-conjugated antibody (1:50 in 1% BSA) for 1 h at 37°C. Then cells were incubated with 4′, 6-diamidino-2-phenylindole (DAPI) for 5 min [24] . Finally, cells were examined under a confocal microscope (Leica Microsystems, Wetzlar, Germany).
mRFP-GFP-LC3 adeno-associated viral transduction for detection of autophagy flux
As autophagy is a dynamic process, the detection of LC3 processing by Western blot and visualization of autophagosome formation by fluorescent staining are insufficient to reflect autophagic activity. Therefore, we infected cells with an adeno-associated viral vector (AAV-mRFP-GFP-LC3, HanBio Technology Co. Shanghai, China), which dynamically exhibits the autophagosome formation and lysosome degradation as an index of autophagy flux. Human HSCs at 5 × 10 4 were seeded in 12-well plates. When the confluency was reached to 50-70%, HSCs were exposed to AAV-RFP-GFP-LC3 at a final multiplicity of infection (MOI) of 75 in DMEM with 2% FBS at 37°C for 24 h. Subsequently, cells were exposed to PA at 200 μM for 12 h, and micrographic images in red and green channels were recorded with a fluorescent microscope (Nikon Eclipse Ti-s, Tokyo, Japan). Autophagic flux was assessed by counting the number of GFP and RFP puncta (puncta/cell).
Statistical analysis
Experiments were repeated for at least three times. All data were presented as means ± SEM. SPSS17.0 software was used for statistical analysis. Comparisons between two groups were analyzed by unpaired Student's t-test, and one-way analyses of variance tests (ANOVA) followed by LSD or Dunnett T3 tests if more than two groups were included in an experimental design. p Value b 0.05 was considered to be statistically significant. 
Results
Effects of PA treatment on human LX2 cells
To investigate the role of HSCs on progression of NASH to fibrosis, we first treated LX2 cells with PA at 200 or 500 μM for 24 h, then examined gene expression levels of NLRP3 and markers of HSC activation, such as transforming growth factor-β1 (TGF-β1), connective tissue growth factor (CTGF), tissue inhibitor of metalloproteinase-1 (TIMP-1) and procollagen type I (α1) (Procoll-1) by qRT-PCR. As shown in Fig. 1A , expression levels of NLRP3, TGF-β1, CTGF, TIMP-1 and Procoll-1 genes were increased in PA-treated HSCs compared to controls, indicating that PA stimulated HSC activation in vitro, and that there was increased expression of inflammasome molecules during HSC activation.
Effects of PA on activation of human HSCs and rat BSC-C10 cells
To confirm the effect of PA on HSC activation, we repeated the experiments with primary rat HSCs and other two immortalized cell lines: human HSC and rat BSC-C10 cells. Gene expression levels of TGF-β1, CTGF, TIMP-1 and Procoll-1 in these two HSC lines were also upregulated after exposing to PA; in contrast, SAMe, the first line of an antioxidant, neutralized oxidant stress caused by PA exposure (Fig. 1B-D) . Furthermore, immunofluorescent staining confirmed that much more α-SMA, the marker of activated HSCs, was visualized in PAtreated primary rat HSCs (Fig. 4) . It is obvious that treating primary rat HSCs at Day 5 after isolation with PA caused an increased deposition of α-SMA compared to untreated cells, which was consistent with the protein levels of α-SMA in immortalized human HSC and rat BSC-C10 cells (Fig. 1E,F) . Therefore, it is evident that PA treatment led to HSC activation in vitro. Subsequently, we treated primary rat HSCs with PA for 8, 12 or 24 h, and it was found that the proliferative rate of primary rat HSCs was slightly increased at 12 h although the change in proliferation was not statistically significant, which was verified by immunofluorescent staining of Ki-67 (Supplemental Fig. 1A-D) .
PA treatment increased expression levels of NOD-like receptor protein 3 (NLRP3)
It was shown in Fig. 2A , B, D that gene and protein levels of NLRP3 were elevated in PA-exposed HSCs. In order to further confirm whether PA-elicited HSC activation is through an inflammasome cascade, HSCs were pretreated with parthenolide, an inhibitor of inflammasomes. The results showed that parthenolide down-regulated mRNA and protein levels of NLRP3 and suppressed gene expression of TGF-β1, CTGF, TIMP-1 and Procoll-1 compared to those treated with PA alone (Fig. 2A, B, D) , which were further confirmed by primary rat HSCs (Fig. 2C) . Parthenolide also inhibited positivity of α-SMA in primary rat HSCs as shown in immunofluorescent staining (Fig. 4) . Thus, it is conceivable that activation of inflammasome NLRP3 molecule is one of pathways for PA-elicited HSC activation. The NLRP3 activation further activated IL-1β by cleaving pre-Il-1β to its matured form (Fig. 2D, E,  F) . On the other hand, TdT-mediated dUTP nick end labeling (TUNEL) assay did not detect apoptosis in HSCs with PA exposure, and caspase-3 activity of rat BSC-C10 cells did not increase after PA treatment, which verified our assumption that the inflammasome activation leads to further HSC activation with an increase in the production of fibrogenic cytokines (TGF-β1 and CTGF) and extracellular matrices (TIMP-1 and Procoll-1) instead of cell death through pyroptosis or apoptosis (Supplemental Fig. 1D, E) .
PA treatment increased expression levels of Gli-1
It was shown in Fig. 3A -C that the gene expression levels of Gli-1, cyclin D1 and B-cell lymphoma-2 (BCL-2), which are the downstream target genes of the Hh signaling pathway, were increased in PA-treated human immortalized HSC, rat BSC-C10 and primary rat HSC cells. In order to further confirm whether the Hh signaling pathway plays a significant role in PA-elicited HSC activation, we used LDE225 to inhibit the activity of Hh signaling. As expected, LDE225 prevented Gli-1, cyclin D1 and BCL-2 expression, and in turn inhibited expression of TGF-β1, CTGF, TIMP-1 and Procoll-1 in PA-exposed HSCs (Fig. 3A, B) . Meanwhile, protein levels of PTCH, Gli-1 and cyclin D1 were suppressed in HSCs pretreated with LDE225 ( Fig. 3D-F) . In addition, LDE225 inhibited α-SMA level in primary rat HSCs shown by immunofluorescent staining (Fig. 4) . Therefore, it appeared that PA elicited HSC activation through the Hh signaling pathway.
PA treatment provoked autophagy of HSCs
In order to explore whether autophagy plays a role in PA-elicited HSC activation, LC3-II, beclin-1 and p62, markers of autophagy, were determined at protein levels. It is apparent that ratios of LC3-II/GAPDH and beclin-1/GAPDH were elevated by PA treatment; whereas the ratio of p62/GAPDH was declined by the same treatment (Fig. 5A-C) . Next, HSCs were pretreated with chloroquine (CQ), an inhibitor of autophagy which suppresses the degradation of LC3B-II and p62. The results showed that protein levels of LC3-II and p62 were increased by combining PA treatment with CQ; while the expression level of beclin-1 was affected in an opposite direction (Fig. 5A-C) . Therefore, it appeared that PA treatment caused a profound level of autophagy in HSCs. In order to verify these results, HSCs were infected with mRFP-GFP-LC3 adenoassociated viral vector to assess the formation of autophagosome and the degradation of LC3-II in lysosomes. In this assay, red fluorescent protein (RFP), representing the lysosome, was stable under an acidic condition; whereas green fluorescent protein (GFP), representing LC3-II, was sensitive to an acidic environment. The overlap of GFP with RFP gives rise to yellow puncta and represents the autolysosome. The results demonstrated that generation of LC3-II and autophagosome was elevated in PA-treated HSCs; whereas the formation of autophagosome in HSCs was decreased by CQ pretreatment (Fig. 6) . These results further confirmed that PA treatment provoked HSC activation accompanying with enhanced autophagy. In accordance, immunofluorescent costaining of LC3 with Lysotracker Red showed that LC3 and lysosomes were overlapped in primary HSCs with PA treatment (Fig. 5D ).
The interaction between NLRP3, Gli-1 and autophagy
With the findings that NLRP3, Gli-1 and autophagy were involved in PA-elicited HSC activation, we further dissected the interaction of these two molecules with autophagy in the same experimental setting. Our results showed that expression levels of LC3-II were increased in consistence with the enhanced NLRP3 expression. Then inhibiting autophagy by CQ led to a significant increase of NLRP3 in human immortalized HSC cells (but not in BSC-C10 cells); meanwhile, CTGF and TIMP-1 levels were upregulated (Fig. 7A-D) . Therefore, we speculated that inhibiting autophagy may enhance HSC activation through an inflammasome pathway during PA overload. In addition, the inhibition of Hh signaling by LDE225 decreased LC3-II levels (Fig. 7E-G) , which was consistent with the results of AAV-mRFP-GFP-LC3 (Fig. 6) . Therefore, we assumed that the Hh signaling pathway affected the development of autophagy, although exact molecular mechanisms of such an interplay remain to be investigated.
Discussion
Hepatic fibrosis is a pathophysiologic repairing process accompanying with chronic viral infection, alcoholism, autoimmunity or genetic abnormalities, and is an intermediate stage advancing to cirrhosis or end-stage liver disease (ESLD) that accounts for major mortality in liver diseases [25] . It has been shown that activated HSCs play a pivotal role at the center of hepatic fibrogenesis [26] . A large amount of extracellular matrix (ECM) components are produced from activated HSCs in an accelerated rate. Moreover, the production of TIMP-1 leads to a net accumulation of ECM components. Activated HSCs also release a great amount of cytokines, such as TGF-β1 and CTGF, which, in turn, affect the activation of HSCs in an autocrine fashion.
Incidence of nonalcoholic fatty liver disease (NAFLD) has been increasing in both adult and pediatric populations [27] . Understanding how NASH progresses to fibrosis and ESLD is critical for the development of therapeutics. However, the challenging for clinical practice is the lack of FDA-approved medications in the treatment of NASH. Even more unfortunate is that currently available medications in NASH treatment as suggested by practice guidelines hardly halt the progression of NASH to fibrosis [28] [29] [30] . The only promising therapeutic which has clinically been proven to have anti-fibrotic effects is a Farnesoid X receptor (FXR) agonist, obeticholic acid (OCA), which improved hepatic fibrosis in 35% NASH patients vs. 19% in those receiving placebo [29] . Moreover, reduction of endotoxin has been found to be effective in the attenuation of hepatic fibrosis in NASH patients through suppressing HSC activation and gut permeability [31] . Therefore, it is clinically demanding to reveal the molecular basis for the progression from NASH to fibrosis, and there has been an urgent need to develop therapeutics that could ameliorate steatohepatitis and block the fibrogenic process during NASH progression.
The hallmark of NASH is the increased fatty acid influx and accumulation of fatty acid content in the liver. As one of saturated fatty acids, PA was found to stimulate inflammasome NLRP3 activation in cultured Kupffer cells [32] , but the results in HSCs are contradictory when different HSC lines and various concentrations were used. One study reported that PA at 75 μM led to growth rest and decrease in HSC activation [33] , and another study claimed that PA at 100 μM in combination with EGF at 40 ng/mL, FGF at 220 ng/mL, oleic acid at 100 μM, and retinol at 5 μM, had a net effect of reverting HSCs to a quiescent status [34] . Whereas, in the present study, we confirmed that PA at 200 μM elicited HSC activation through the activated inflammasome NLRP3 molecule. A potent antioxidant of glutathione substrate, SAMe, abrogated PA-elicited HSC activation, indicating that oxidant stress was involved in PA-elicited HSC activation [25] . At the same time, oxidant stress is an inducer of inflammasome activation. Notably, in contrast to pyroptosis as the consequence of inflammasome activation in other cell types, such as hepatocytes, NLRP3 activation in HSCs did not result in any evidence of cell death. Although levels of cleaved IL-1β increasing, further activation and transition to myofibroblast-like cells phenotype, evidenced by increased α-SMA expression, enhanced fibrogenic cytokine release (TGF-β1 and CTGF), as well as profound extracellular matrix production (procoll-1 and TIMP-1), were seen not only in immortalized HSC lines, but also in primary HSCs, which was consistent with an early report [5] . Moreover, parthenolide [35] , an inhibitor of inflammasomes, abolished PA-elicited HSC activation, cytokine release and matrix production, further indicating that inflammasome NLRP3 activation was indeed involved in PA-elicited HSC activation.
The Hh signaling pathways has been demonstrated in HSC activation in various etiologies [9] [10] [11] . Gli-1 is a transcription factor and PTCH is the receptor, both of which are the downstream target genes of the Hh signaling pathway. Hence, expression levels of Gli-1 and PTCH indirectly reflect Hh signaling activity to some extent [16] . In the present study, PA treatment led to increased Gli-1 and PTCH expression, and the use of an Hh signaling antagonist, LDE225, strikingly suppressed HSC activation, implying that inhibition of Hh signaling might abrogate PA-elicited HSC activation. Therefore, we hypothesized that the Hh signaling pathway was involved in the PA-elicited HSC activation. For this reason, Hh signaling inhibitors have been suggested for potential application in the treatment of NASH-associated fibrosis (vismodegib, GDC-0449) [36] . Since LDE225 (Sonidegib), which has been approved recently for the treatment of basal cell carcinoma [37] , having a very high bioavailability and being efficacious at nM scale in this study, it seems to be a good candidate for clinical evaluation.
Autophagy is a physiological response for cell to clean up cellular components, such as lipids, and is involved in HSC activation. In this experiment, autophagy was triggered in human or rat immortalized HSCs evidenced by increased protein levels of beclin-1, LC3-II and decreased p62, as well as elevated autophagy flux. It is notable that blocking autophagy by CQ enhanced inflammasome NLRP3 at mRNA and protein levels in HSCs, indicating that compromised lipid autophagy (lipophagy) might result in profound lipotoxicity and HSC transition to a myofibroblast-like phenotype through inflammasome activation, although its molecular mechanisms remaining to be investigated. On the other hand, suppressing Hh signaling by LDE225 abrogated PAprovoked autophagy, probably through direct inhibition of HSC activation. This further pointed to the benefits of using LDE225 as an antifibrotic agent and warranted further investigation in animal models of NASH, regardless of molecular links between Hh signaling and autophagy having been recently characterized in other model systems [38] . In order to help understand the experimental design and the relationship of inflammasome activation, Hh signaling and autophagy in PA-elicited HSC activation, a schematic illustration is shown in Fig. 8 . In the illustration, the cascades of signaling pathways and molecular interactions of these three components are highlighted, and possible molecular targets in modulating HSC activation by intervening inflammasome molecules and Hh signaling pathways or modulating the autophagy process are indicated.
In conclusion, the findings from this study demonstrated that fatty acid might directly activate HSCs through activated inflammasomes and up-regulated hedgehog signaling. Autophagy was involved in HSC activation, and compromised autophagy further activated HSCs through the inflammasome activation pathway. Suppressing inflammasome activation or Hh signaling could well be the intervention of NASHassociated fibrosis, and modulating autophagic activity may confer an option in minimizing the progression of NASH to fibrosis.
Supplementary data to this article can be found online at http://dx. doi.org/10.1016/j.lfs.2017.03.012.
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